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What is fracking? 



Fracture Stimulation 

• Inject high–pressure fluids underground 

• Break the rock 

• Connect to existing natural fractures 

• Create more surface area (contact more rock) 

• Create pathways for oil and gas to flow into 
the well bore 



Why Frac? 

After SPE 152596, fracfocus.org 
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Permeability: ease of fluid flow 



There are many methods for fracking 
a well. 

• Explosives  

– Black powder 

– Nitroglycerine 

– ANFO 

• Energized liquids 

– Water 

– Diesel 

– Carbon dioxide 

– Propane 

 

• Gas 

– Nitrogen (foam) 

– “Gas” jet 

Hydraulic Fracturing 
“Frac” 



Fracking in Practice  

• Chemicals  

– Control fluid properties 

– Maintain well integrity 

• Sand added to prop the new fractures open 

• Release pressure 

– Recover frac fluid 

– Produce gas and liquids 



Courtesy Brint Camp, NGAS 

Nitrogen Frac, Eastern KY 



What chemicals are used? 



Industry Secrets 

Kashi TLC Oatmeal Dark Chocolate Cookies 



FracFocus.org 
GWPC 
IOGCC 

Mandatory reporting 

Public Disclosure: 

fracfocus.org/chemical-use/what-chemicals-are-used 



Why horizontal wells? 



Horizontal wells minimize surface impact of 
drilling. 

Many surface locations 

Many underground laterals 

32 wells on 20 acre spacing 

1 well on 640 acre spacing 



How is water protected? 



Soil 

   Reservoir 

USDW 

Typical Well 
Construction 
(not to scale) 

A well is constructed using nested pipe, 
“casing”, that is cemented into place. 

Relative widths 
exaggerated 

1,000s of ft. 



Spill Prevention Control and Counter Measures 
(SPCC) 

www.epa.gov/osweroe1/content/spcc/index.htm 



Things can go wrong. 

• Water contamination 

– Bad well construction (casing & 
cement) 
• Including domestic water supply wells 

– Surface spills 

– Frac out of zone 
• Encounter an unexpected fracture or old well bore 

• Kentucky plugging fund  

• Induced seismicity 

Leak 



Differences in Fluid Management 
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Earthquakes & underground injection 
(USGS and NRC findings) 

• “Felt” earthquakes 

• Wastewater disposal  

• Injection wells 

• Waste injection is safe and 
regulated to protect fresh water 

– Many thousands of disposal wells 

– Few dozens with potential problems 

U.S. EPA UIC Class II 
water.epa.gov/type/groundwater/uic/class2/index.cfm 



Earthquakes and Fracking 

• Durham Energy Institute 

• Causes of induced seismicity 

– Research 

– Salt solution mining 

– Waste disposal 

– Geothermal 

• Collected published examples 

– Oil/gas field depletion 

– Mining 

– Reservoir impoundment 

– Shale gas fracking 

Davis and others, Marine & Petroleum Geology, 2013 



Fracking Study Conclusions 

• Can reactivate faults 

– Well known 

– Readily detected 

• Likely to induce felt events in future 

• Not an important mechanism for causing felt 
earthquakes 



What to do about earthquakes? 

• Improve site characterization & permitting 

– 3D reflection seismic to find faults & fractures 

• Improve monitoring 

– Surface & bottom hole pressures & rates 

– Injection & surrounding wells 

• Improve operational guidelines & BMP 

With careful design and monitoring, 
risks can be minimized or avoided. 



What is happening in 
Kentucky? 



• Before 1806: Explosives improve water wells  

• 1888: 1st Kentucky oil well to be “shot” 

• 1960: Hydraulic fracturing 

– 1946: 1st in U.S. (Kansas) 

• 1972: Shale – nitrogen frac 

• 2007: Horizontal wells – foam frac 

• 2010: Hydraulic fracks 

– Berea (Lawrence and Greenup Counties) 

– New Albany shale (Breckinridge County) 

Fracture stimulation has been used in 
Kentucky for more than 200 years 



Fracked Wells in Kentucky 

More than 10,000 
since 1980 



Horizontal Wells in Kentucky 

1,642 permitted 
1,505 drilled 
1,464 since 1/1/2006, 97% 

May, 2014 (excludes cancelled and expired permits) 
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Water Use in Kentucky Fracks 
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Kentucky Natural Gas Production 

2013:  
298.9 Bcf 

99.6% 

34 Kentucky counties  



Kentucky Natural Gas Production 
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Kentucky Natural Gas Production 
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Kentucky Oil Production 

49.8% 39.2% 
10.9% 

63 Kentucky counties  

2013:  
2.96 MMbo 



Kentucky Oil Production 
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Berea Oil Production, East Kentucky 

>10% of statewide production 



Horizontal Wells since 2006 
1 to 10 

11 to 50 

51 to 100 

101 to 200 
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How do you verify it’s being 
done properly? 



oilandgas.ky.gov 



Public records: www.uky.edu/kgs 

Online search  

Interactive maps 

Enable pop up 

windows! 

KGS home page 



Scanned Documents Scanned documents are available for 

browsing, printing, or downloading. 

Casing and cement 

Completion and stimulation 

Public records 



Conclusion 

• Focus on well construction 

– Oil and gas wells 

– Domestic water supply 

• SPCC 

• Support 

– Disclosure – FracFocus.org 

– Enforcement 

• Division of Oil and Gas 

• Division of Water 

Fracking is an 
effective 

technology for 
accessing 

natural 
resources 



Thank you 

• bnuttall@uky.edu 

• (859) 323-0544 

• www.uky.edu/KGS 

Scan these tags with your smart phone 
Get the free mobile app at http://gettag.mobi 

EQ 

Chem 



Addendum on Induced 
Seismicity 



Mechanisms for Earthquakes 
Mechanical Strength 



Mechanisms for Earthquakes 

Stress 

Stress 

Mechanical Strength Friction 



Mechanisms for Earthquakes 

Stress 

Stress 

Mechanical Strength Friction 



Earthquakes and Fracking 

• Durham Energy Institute 

• Causes of induced seismicity 

– Research 

– Salt solution mining 

– Waste disposal 

– Geothermal 

• Collected 198 published examples 

– >1 event at a location then used maximum magnitude 

– Oil/gas field depletion 

– Mining 

– Reservoir impoundment 

– Shale gas fracking 

Davis and others, Marine & Petroleum Geology, 2013 



Causes 

Davis and others, Marine & Petroleum Geology, 2013, after Fig. 2 
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Size of Earthquakes from Fracking 
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Eola,USA Preese Hall, UK Horn River, Canada

79 events, from Davis and others, Marine & Petroleum Geology, 2013, Fig 3. 

3.0 or less: rarely felt 



Fracking Study Conclusions 

• Can reactivate faults 

– Well known 

– Readily detected 

• Likely to induce felt events in future 

• Not an important mechanism for causing felt 
earthquakes 

Back 



Addendum on Chemicals 



0.2% of 
5,000,000 
gallons is 

10,000 gallons 

Water 
95.5% 

Sand 
4.2% 

Other 
0.2% 

15% HCl, 
0.0579% 

Gelling 
Agent, 

0.0167% 

Oxidizing 
Breaker, 
0.0007% 

Enzyme 
Breaker, 
0.0004% 

Friction 
Reducer, 
0.0955% 

Biocide, 
0.0495% 

Scale 
Inhibitor, 
0.0264% 

http://www.eqt.com/docs/pdf/FluidCompositions/Sample%20Fluid%20Composition-Halliburton.pdf 

Hydraulic fracturing uses mostly water 
with some sand. 

Back 


